INTRODUCTION
Inulin is a linear chain non-structural polysaccharide consisting of β-2, 1-D-fructofuranose molecules. Most of the inulin containing plants are dicotyledonous, belonging to the Asteraceae and Campanulaceae families, but a small amount is also found in some monocotyledonous plants from the Poaceae, Liliaceae and Amaryllidaceae families [1] . In nature, it is the second most abundant storage carbohydrate after starch. Although the inulinases can be obtained from vegetable and plant sources, microorganisms are the best sources for commercial production of inulinases mainly due to their easy cultivation and high yields of product [2] . Inulin is a very good substrate for the production of inulinases as well as high fructose syrup and fructo-oligosaccharides. Fructose is a sweetener, sweeter than sucrose (upto 1.5 times), with lower cost and has functional properties that enhance flavor, color and product stability [3] . Both fructose and fructo-oligosaccharides can be produced by inulinase via the enzymatic hydrolysis of inulin [2] . Furthermore, fructose metabolism bypasses the known metabolic pathway of glucose and therefore does not require insulin [4, 5] . Fructose can be obtained by acid hydrolysis of inulin, however, it is easily degraded at a low pH, and the process leads to the formation of difructose anhydrides and undesirable coloured end products [6] . The complete hydrolysis of inulin using inulinase can yield 95% pure fructose [7] . Inulinases can be divided into exo-inulinases and endo-inulinases. The exo-inulinase removes the terminal fructose residues from the non-reducing end of inulin, whereas the endo-inulinase acts on the internal linkages of the inulin molecule but lacks invertase activity [8, 9] . Inulinases have different catalytic properties (molecular weight, optimum pH, optimum temperature, stability) depending especially upon their origin [2] .
Inulin is naturally present in many different foods. Some every day foods, such as asparagus, leek, onions, banana, wheat and garlic are sources of inulin. Since ancient times, garlic has been consumed as a seasoning or spice. Garlic walks the fine line between food and medicine. Among the different substrates studied for inulinase production, raw garlic has shown maximum inulinase activity (524 IU/L) by Streptomyces sp. [10, 11] .
Inulinases can be used in a wide range of industrial applications, such as for obtaining ultra-high fructose syrup from inulin [12] , producing bioethanol [13] , inulo-oligosaccharide [14] , single-cell oil and single-cell protein [15] , as well as for producing various chemical compounds like citric acid, butanediol, alcohols and lactic acid [16, 17] .
Inulinases have been produced using different substrates which are utilized as carbon sources. These include pure inulin as well as agro-industrial waste residues. Naturally occurring inulin-rich materials are the preferred substrates for producing inulinase [2] .
Higher temperature optimum of inulinases is an extremely important factor for the application of these enzymes for commercial production of fructose or fructo-oligosaccharides from inulin, since high temperatures (60°C or higher) ensure proper solubility of inulin and also prevent microbial contamination [1] . Higher thermostability of the industrially important enzymes also brings down the cost of production because lower amount of enzyme is required to produce the desired product [11] .
Fungi, yeast and bacteria are all capable of producing inulinases and many of them have been successfully used for enzyme production. Inulinases are both extra-and intracellular, but some microorganisms have the ability to express this enzyme in both ways [1] .
Inulinase activity has been obtained using different mold strains, Aspergillus spp. being the favourite species for inulinase production. A 52.5 IU/mL inulinase activity was obtained after 96 hours of cultivation with a selected Aspergillus niger strain [18] . Rhizoctonia solani, isolated from soil, had the maximum inulinase activity of 1.792 U/mL on the second day of cultivation using Jerusalem artichoke powder as carbon source [9] . Chrysosporium pannorum, isolated from soil, was found to be a very active inulinase producer; its highest activity was 115 U/mL [19] .
Yeasts have been used in enzyme production for ages, as they are easier to grow and handle in comparison with bacteria. Among the yeasts that can produce inulinases, Kluyveromyces spp., Pichia spp. and Candida spp. have high potential for producing high yields of inulinase activity. Kluyveromyces spp. is by far the most widely used yeast for inulinase production [11] .
MATERIALS AND METHODS

Enrichment and Isolation of Inulinase Producers
One gram of soil was collected from the rhizosphere region of plant Musa acuminate for enrichment of inulinase producers. The above soil sample was mixed with 10ml distilled water and allowed to settle for 30mins. Then 1ml of supernatant was inoculated into 30ml enrichment broth (M9-Inulin medium-0.2% NaCl, 0.3% Na 2 HPO 4 , 0.18% KH 2 PO 4 , 0.2% NH 4 Cl and 1% inulin: sole source of carbon and energy) and incubated at 30°C for 48h under shaker (200 rpm) and static conditions. Two subsequent enrichments were carried out after 24 h each, using 1 ml of culture in 30ml of fresh medium; after which the single colonies were isolated from M9-inulin agar [20] .
Screening of Inulinase Producers
The isolates obtained from M9-Inulin agar plates were spot inoculated on MHI agar plates and incubated at 30°C for 3 days. It was then flooded with 5ml of 1% Lugol's iodine and examined for a zone of clearance around the colony which indicated the presence of the enzyme inulinase [20] . Further, inulinase assay of the promising isolate was carried out to confirm inulinase production.
Identification of Inulinase Producers
Inulinase producers were identified using, morphological, cultural and biochemical tests. Further confirmation of the strain was done by 16S rRNA sequence analysis by SciGenom Labs Pvt Ltd. Kerala, India.
Extraction and Assay of Inulinase Enzyme
Inulinase activity of the screened isolates was assayed by a method suggested by Miller [21] . The test organisms were grown in M9-inulin broth overnight at 30°C, and crude enzyme was obtained by centrifuging the broth at 3,500 rpm for 10min. The supernatant obtained was used as a crude enzyme for inulinase assay. This crude enzyme (0.5 ml) was mixed with 2ml of 0.2% inulin prepared in distilled water and 2ml of 50mM acetate buffer (pH 4.6) incubated at 55°C for 20min. After incubation the reaction mixture was kept in ice water bath for 10min. to stop the reaction. One ml of DNSA reagent was added to 1ml of the above mixture and kept in boiling water bath for 10min. It was cooled and 6ml of distilled water was further added to this mixture. The absorbance of the supernatant was measured at 540nm using a spectrophotometer. The reaction mixture containing heat inactivated crude enzyme (100 0 C for 10min) instead of the active culture supernatant was used as blank. The absorbance of the test supernatant against blank was obtained and plotted on the standard graph of Fructose (40-4000µg/ml) to obtain the amount of product formed. From the standard graph value, enzyme activity was calculated in U/ml. One unit of enzyme activity is defined as the amount of enzyme liberating 1 µmole of fructose per minute under standard conditions.
Screening of Various Media for Optimum Enzyme Activity
Four different media viz. Medium 1 [22] , Medium 2 [9] , Medium 3 [4] and Medium 4 (M9 with 1% inulin as a sole carbon source) were tested for maximum inulinase production by selected isolates. The medium showing highest enzyme activity was used for carrying out further analysis.
Optimization of Growth Conditions for Maximum Inulinase Production
Optimization of culture conditions for the highest inulinase production was studied in M9 medium with 1% Inulin. Two percent inoculum (0.8 OD 545nm ) was used to carry out all further analysis. The growth conditions (incubation period, aeration, temperature and pH) were optimized for maximum inulinase production by the selected isolate. Inulinase production was determined at various time intervals such as 12, 24, 36, 48, 60 and 72h. The effect of aeration on inulinase production was studied by incubating one culture flask on shaker (200rpm) and other under static condition at RT/24h. Optimum temperature for inulinase production was determined by carrying out the incubation of test isolates at 30°C, 37ºC, 45ºC, 55ºC and 70ºC for 24h. Optimum pH for inulinase production was determined by measuring the enzyme activity at different pH range from 4 to 10 (1N NaOH and 1N HCl were used for adjusting pH of the medium).
Optimization of Media Composition for Maximum Inulinase Production
The optimization of nutrient (carbon and nitrogen sources) and salt (K 2 HPO 4 , Na 2 HPO 4 , NaCl and NH 4 Cl) concentration was carried out at using the medium giving highest enzyme activity and incubated at appropriate temperature and conditions. After incubation, the medium was centrifuged at 3500rpm for 10min and the supernatant was used as a crude enzyme for studying the effect of nutrient and salt supplements on enzyme activity. Effect of different carbon sources on inulinase production was checked by adding 1% w/v of glucose, fructose and sucrose in M9 medium. The effect of these carbon sources was also determined when it was added along with inulin in M9 medium (inulin+glucose, inulin+fructose and inulin+sucrose). Optimized sugar (0.5-2% w/vat increments of 0.5%) was tested for higher yield of inulinase. Different organic and inorganic nitrogen sources (0.5%) such as casein, peptone, yeast extract, urea, sodium nitrate and potassium nitrate were checked for the maximum inulinase production. In addition, optimized nitrogen source was tested (0.5-1% with 0.1% increment) for maximum inulinase yield. The optimal salt concentrations (0.1-0.5%w/v with interval of 0.1%) of K 2 HPO 4 , Na 2 HPO 4 , NaCl and NH 4 Cl were determined for the highest inulinase production.
Effect of Different Physicochemical Parameters on Inulinase Activity
Inulinase enzyme from the new isolate was assayed to determine the optimum conditions of temperature and pH. Two ml of inoculum (0.8 OD 545nm ) was inoculated in 100ml of optimized medium and conditions. Cell-free culture supernatant was obtained by centrifugation at 3,500 rpm for 10min and used for the assays. Crude inulinase enzyme from the culture supernatant of optimized M9-inulin medium was assayed in the reaction mixture containing 0.5ml crude enzyme, 2ml of 0.2% inulin, 2ml of acetate buffer (pH 5) and incubated at 55ºC for 20mins. The tubes were then kept in ice bath for the enzyme reaction to stop. One ml of DNSA reagent was added to one ml reaction mixture and was kept in boiling water bath for 10 minutes. It was allowed to cool down and 6ml distilled water was added into it. Absorbance was measured at 540nm.The optimal temperature was determined from 30- (pH range 7-8) and 0.1M Glycine-NaOH buffer (pH range [9] [10] [11] [12] 
Analysis of Hydrolysis Products of Inulinase by Thin Layer Chromatography (TLC)
The end products of the enzyme reaction were visualized using thin layer chromatography. The hydrolysis product sample of the enzyme and garlic extract was spotted on pre coated TLC plate. 1% fructose, 1% inulin was used as standards. The solvent system used was acetone: water (9: 1) and iodine was used as developing reagent [25] .
RESULTS AND DISCUSSION
Enrichment, Isolation and Screening of Inulinase Producers
The soil sample from rhizosphere area of plant Musa acuminata was enriched in M9-inulin broth containing 1% inulin as a sole source of carbon. Enriched sample was streaked on M9-inulin agar plates and incubated at 30°C for 24h. Total 4 isolates were obtained which were designated as GS-1, GS-2, GS-3 and GS-4. Inulinase producers were screened with the help of lugol's iodine which on addition to the medium, showed zone of hydrolysis around the colony on MHI agar plates confirming extracellular inulinase activity ( Figure 1 ). All four isolates were assayed for inulinase activity which was found to be 156 U/ml, 136 U/ml, 141.5 U/ml and 144 U/ml for GS-1, GS-2, GS-3 and GS-4 respectively (Figure 2 ). GS-1 was found to give maximum enzyme activity and hence further studies were carried out using this isolate. 
Identification of Inulinase Producers
The selected GS-1 isolate was identified preliminarily by standard morphological, cultural, biochemical methods and confirmed by16S rRNA gene sequencing analysis as Stenotrophomonas maltophila D457. It is a gram negative, aerobic, non-fermentative, rod shaped bacteria. There are very few published data on gram negative inulinase producers which include Marinimicrobium spp., Pseudomonas spp., LS-A18 and Acinetobacter baumanii [20, 24, 26] . Among the gram positive isolates, extensive data is available on Bacillus spp. as a potential inulinase producer. Extracellular inulinase production has been studied by Zherebtsov et al. on Bacillus polymyxa 29, B. polymyxa 722 and B. subtilis 68 [27] . Similarly exoinulinases are known to be produced by Bacillus sp. B51f [28] , Bacillus cereus MU-31 [29] , Staphylococcus spp. RRL-M-5 [30] , Clostridium thermoautotrophicum [31] etc. In addition, many actinomycetes, fungus and yeasts are also known to produce inulinase enzyme [32, 33, 34] .
Optimization of Growth Conditions for Maximum Inulinase Production
Among the various media screened for optimum inulinase production, media 4-M9 medium with 1% inulin showed highest activity, and hence it was used for all further optimization studies ( Figure  3 ). Presence of inulin in the M9-Inulin medium induced maximum inulinase production by S. maltophila D457 which supports the fact that inulinase is an inulin inducible enzyme. A variety of media have been used previously by various scientists for the production of inulinase by different microbes viz. Beef extract agar for Bacillus sp. [27] , Czapex Dox agar for Streptomyces sp. [29] , yeast extract peptone dextrose (YPD) medium for yeast [35] , Potato Dextrose medium for Aspergillus sp. [36] , Mineral medium for Bacillus sp. [30] , IB medium [37] and MHI medium for Marinimicrobium [20] .
Figure3. Effect of Different Media on Inulinase Production by S. Maltophila D457
The optimum incubation period for inulinase production was found to be 24h. The enzyme production was found to be nearly doubled during the initial period of 12-24h. However, beyond 24h, it showed a decrease in enzyme production. Similar results were also reported for A.baumanii [26] and Bacillus sp. B51f [28] . This could be either due to the inactivation of the enzyme because of the presence of some kind of proteolytic activity or the growth of the organism might have reached a stage from which it could no longer balance its steady growth with the availability of nutrient source [26] . By using the optimized fermentation parameters, the enzymatic activity was at lowest values in the lag phase and increased during the exponential phase. Inulinase production by S. maltophila D457 was found to be the maximum under static conditions ( Figure 5 ). However, Marinimicrobium sp. LS-A18 showed maximum inulinase production under shaker condition [20] . In this study aeration has been found to have an adverse effect on inulinase production which resulted in low enzyme activity. Aeration showed a decrease in the inulinase production in Bacillus sp. B51f [28] Kluyveromyces marxianus YS-1 [38] and Staphylococcus sp. RRL-1 [39] .
Figure4. Effect of Incubation Period on Inulinase Production by S. Maltophila D457
Figure5. Effect of static and shaker conditions on inulinase production by S. maltophila D457
The maximum production of inulinase by S. maltophila D457 was obtained at 37⁰C. The production of inulinase was found to decrease with the increase in temperature. These results may be due to the decrease in growth rate at higher temperature. Similar results were obtained from gram negative organisms like Marinimicrobium sp. LS-A18 and Xanthomonas sp that showed maximum inulinase production at 37⁰C [20, 40] . Another study reported maximum inulinase production at 28⁰C for A.baumanii [26] . Park and Yun, 2001 reported maximum inulinase production at 42⁰C by Pseudomonas spp. [41] . Inulinase production has been observed in a broad temperature range of 20-50°C [30] . A study reported that the enzyme production was inhibited at 55°C and at 60°C the enzyme production was rapidly lost [41] . Low inulinase production at higher temperature could be due to the reduction of oxygen solubility in the medium, or enzyme denaturation [42] .
Figure6. Effect of Incubation Temperature on Inulinase Production by S. Maltophila D457
The optimal pH for maximum inulinase production was observed at pH 5, and it was found to decrease with the increase in alkalinity (Figure 7 ). Similar findings were observed for Erwinia sp. (pH 6.0), Streptomyces sp. ALKC4 (pH 6.0), and Pseudomonas sp. (pH 6.5) which showed their optimum pH in the acidic range [10, 43, 44] . In contrast to our finding, maximum production of inulinase was reported to be at neutral pH for Bacillus sp. B51f [28] and Xanthomonas campestris [45] and, in the alkaline range for Marinimicrobium sp. LS-A18 (pH 9) and A.baumanii (pH 7.5) [20, 26] . 
Optimization of Carbon Sources for Maximum Inulinase Production
To investigate the effect of carbon sources on inulinase production, the garlic extract was replaced with other carbon sources. Figure 8 shows the effect of various carbon sources on inulinase production by S. maltophila D457 and Figure 9 shows the optimization of concentration of garlic extract for maximum inulinase activity. Maximum activity was observed with 1% garlic extract as compared to other carbon sources by S. maltophila D457. It was observed that inulinase production was severely suppressed by most of the carbon sources, indicating that inulinase production is inducible in S. maltophila D457. Other studies have also reported inducible nature of inulinase enzyme [20, 26, 46, 47, 48] . Conversely, Ayyachamy et al, 2007 , reported that the inulinase production by Xanthomonas campestris was constitutively expressed, and was not inducible [45] . In addition to garlic as a carbon source, sugarcane, molasses and sugar beet molasses were found to support inulinase activity, whereas glucose, lactose, galactose, arabinose and soluble starch showed a repressive effect on inulinase enzyme activity [11] . Inulin was reported to be the best carbon source for inulinase production by A.baumanii and Xanthomonas oryzae [26, 49] . It was reported that Bacillus polymyxa 722 and Bacillus polymyxa 29 displayed the maximal activity on a starchcontaining culture medium, while the maximal activity of Bacillus subtilis 68 was observed in the presence of sucrose. All of these results suggested that different regulation mechanisms exist in these strains [27] .
Enzyme activity of S. maltophila D457 showed repression when grown with mixed substrates such as garlic extract along with sucrose, glucose or fructose hence further confirming that inulinase is an inducible enzyme in S. maltophila D457 (Figure 8 ). Earlier study showed appreciable inulinase activity by Acinetobacter spp. with substrates such as rye (313 IU/L), barley (244 IU/L), banana (283 IU/L), wheat (320 IU/L), chicory (328 IU/L) and onion (300 IU/L). This activity was similar to the activity obtained by using pure inulin (321 IU/L) as a sole carbon source [10] .
Figure8. Effect of Carbon Sources on Inulinase Production by S. Maltophila D457
Figure9. Optimization of the Concentration of Garlic Extract on Inulinase Production by S. Maltophila D457
Optimization of Nitrogen Sources for Maximum Inulinase Production
Besides carbon source, the type of nitrogen source in the medium also influences the inulinase yield in production broth. The present finding indicated that the presence of urea in the medium resulted in maximum enzyme activity of 159 U/ml as compared to other sources like peptone, casein, ammonium sulphate, sodium nitrate and potassium nitrate (Figure 10 ). Figure 11 shows the optimization of urea concentration for maximum enzyme activity was observed to be 0.7%. Urea also significantly improved the inulinase activity of Aspergillus niger NRRL 3 [11] . In contrast to our findings, tryptone was found to be the most effective substrate for inulinase production by A.baumanii [26] .
Figure10. Effect of Nitrogen Sources on Inulinase Production by S. Maltophila D457
Figure11. Optimization of the Concentration of Urea on Inulinase Production by S. Maltophila D457
Optimization of Salt Concentrations for Maximum Inulinase Production
Maximum inulinase activity was obtained in presence of 0.5% K 2 HPO 4 ( Figure 12 ), 0.2% Na 2 HPO 4 ( Figure 13 ), 0.2% NH 4 Cl (Figure 14 ) and 0.4% NaCl (Figure 15 ). 
Effect of Different Physicochemical Parameters on Inulinase Activity
S. maltophila D457when cultivated in M9-Inulin medium containing 1% garlic extract, 0.7% urea, 0.5% K 2 HPO 4 , 0.2% Na 2 HPO 4 , 0.2% NH 4 Cl and 0.4% NaCl at pH 5, temperature 37°C for 24 hours at static conditions exhibited maximum inulinase yield. Inulinase enzyme from the culture supernatant of optimized M9-Inulin medium grown with S. maltophila D457 was assayed in the reaction mixture containing 0.5ml crude enzyme, 2ml of 0.2% inulin, 2ml of acetate buffer (pH 5) and incubated at 55°C for 20min.
The inulinase enzyme from S. maltophila D457 was found to be more active in an acidic range as compared to alkaline range with an optimum of pH 5 ( Figure 16 ). Similar results were observed for Acetobacter diazotropicus SRT4 and Clostridium acetobutylicum which showed an optimum of pH 5.5 (50, 51) . However, this optimum pH was lower compared to Marinimicrobium sp. LS-A18 and Bacillus sp. B51f which showed maximum activity at alkaline pH (20, 28) .
Figure16. Effect of Different pH on Activity of Inulinase from S. Maltophila D457
Bacterial inulinases generally have temperature optima in the range 30-60°C [32] . The Inulinase enzyme from S. maltophila D457 demonstrated optimum activity at 55°C but it also retained enzyme activity between 30°C to 70°C indicating its thermostable nature (Figure 17) . Similar results were also observed for exoinulinase from the bacterium Geobacillus stearothermophilus KP1289 which was active between 30°C and 75°C with an optimum at 60°C [52] whereas the inulinase from B. subtilis 430A was stable at an optimal temperature of 45-50°C [42] . In contrast, the exoinulinase activity produced by B. polymyxa MGL21 is optimal at 35°C [53] .
Figure17. Effect of Temperature on Activity of Inulinase from S. Maltophila D457
In an attempt to further characterize the inulinase enzyme from S. maltophila D457; various metal ions were tested on inulinase enzyme activity. Residual activity of the inulinase enzyme was positively enhanced by Mn 2+ and was inhibited in presence of Fe 3+ by 63.52% ( Figure 18 ). Similar results were reported for pure inulinase enzyme from Streptomyces grisenus; it was stable in the presence of CaCl 2 and was inhibited by compounds such as ZnSO 4 [34] and Pichia guilliermondii [58] .
Figure18. Effect of Metal Ions on Activity of Inulinase from S. Maltophila D457
The effect of various thermal stabilizers on inulinase activity from S. maltophila D457 was analyzed. Glycerol exhibited a significant stabilizing effect on the enzyme activity ( Figure 19 ). Glycerol having the best stabilizing effect could be as a result of preferential exclusion of the polyols with proteins, which increases with an increasing polyol size, resulting in an indirect interaction that prevent the protein from thermal unfolding [59] . Inulinase activity from the thermophilic bacterium Thermotoga maritime was also found to be enhanced in the presence of glycerol [60] . 
Analysis of Hydrolysis Products of Inulinase by TLC
In order to confirm the exo-or endo-nature of the crude inulinase produced by S. maltophila D457, TLC analysis was carried out. The TLC analysis of the hydrolysis product of inulinase demonstrated that fructose was the major sugar produced during hydrolysis ( Figure 20) . This supports the view that inulinase is an end group cleaving enzyme [24] . It was concluded that the nature of inulinase produced by S. maltophila D457 is of exoinulinase type suggesting its potential application for the production of ultra-high fructose syrup. Similar results have been observed in case of Marinimicrobium sp. LS-A18 [20] , Bacillus polymyxa [52] and Streptomyces sp. ALKC4 [23] .
Figure20. TLC Analysis of Hydrolysate of Inulinase from S. Maltophila D457
